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,QWURGXFWLRQ�WR�WKH (VWHUHO ODQJXDJH�DQG�WRROV
:KDW�LV�WKH�(VWHUHO�ODQJXDJH�DQG�ZKDW�FDQ�ZH�GR�ZLWK�LW"

Esterel is a KLJK�OHYHO�ODQJXDJH dedicated to synchronous hw and embedded sw programming.
Esterel Studio tool provides an HQYLURQPHQW� IRU� SURJUDP� FDSWXUH�� VLPXODWLRQ�� V\QWKHVLV� DQG� IRUPDO�
YHULILFDWLRQ.

Esterel programs are built from combinationally 
broadcasted signals using concurrency, sequencing, 
pausing, preemption, and communication statements. All 
statements run on a unique base clock (tick), mapped to 
the hw clock for synchronous circuit designs.

module Example:
input I, Rst, Susp;
output X, Y;
loop
suspend
sustain X

||
await 5 I;
sustain Y

when Susp
each Rst
end module

Esterel is used for control-dominated hw design by major electronic companies, but in some 
applications the single-clock constraint is too strong. The goal of this work 
is to present a practical method to extend Esterel to multiple clocks.
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0XOWLFORFN VLPXODWLRQ�PRGHO�LQ (VWHUHO

IP Esterel Model

Domain
clk1

Domain
clk2

Domain
clk3

tick

Respect the relationship between the 
clocks in Esterel simulation environment, 
according to the real frequencies.

The input domain clocks clk1, clk2 
and clk3 are generated from the 

global Esterel base clock.

Each domain is represented by an 
Esterel module constrained to work 
only when its clock signal is active.

Domains are directly connected to 
their external IOs.

Domains are connected with each 
other through synchronizers.
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0XOWLFORFN LQ (VWHUHO��LPSOHPHQWDWLRQ�GHWDLOV
module :
constant Shift: integer;
constant Period: integer;
output Clock;

await Shift times tick;
loop

emit Clock
each (Period/2) tick

end module

module ClockGenerator :
constant Shift: integer;
constant Period: integer;
output Clock;

await Shift times tick;
loop

emit Clock
each (Period/2) tick

end module

'RPDLQ�FORFN�VLJQDOV�FDQ�EH�JHQHUDWHG�E\�
• SXWWLQJ�WKHP�DV�JOREDO�LQSXWV��DQG�WKH\�DUH�
IXOO\�GULYHQ�E\�WKH�VLPXODWLRQ�HQYLURQPHQW�

• EXLOGLQJ�WKHP�LQWHUQDOO\�IURP�WKH�WLFN��
WKURXJK�D�JHQHUDWRU�ZLWK�SKDVH�DQG�SHULRG�

+RZ�WR�XVH�FORFN�JHQHUDWRUV�WR�UXQ�GLIIHUHQW�FORFN�GRPDLQ�PRGXOHV
2: VXVSHQG modules when clocks absent and

maintain exchanged signals in the environment1: LQVWDQWLDWH the clock generators
run ClockGenerator[

constant 4 / Period; 
constant 2 / Shift;
signal clk1 / Clock]

||
run ClockGenerator [

constant 6 / Period;
constant 3 / Shift;
signal clk2 / Clock]

suspend
run p1 [o1 / output1]

when immediate not clk1
|| 

suspend
run p2 [i2 / input2]

when immediate not clk2
||

sustain {
i2 <= o1 and clk1,
i2 <= pre(o1) and not clk1}
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+RZ�WR�EXLOG�WKH�9+'/�WRS�OHYHO
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The modules of each clock domains are 
dumped into separate HDL files.

A top level VHDL entity is manually written, 
instantiating the clock domain components 

and connecting ports, clocks and resets
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Within each clock domain, modular compiling 
is performed from Esterel to VHDL

1

2

3
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0XOWLFORFN LQ (VWHUHO��WKH�UHV\QFKURQL]DWLRQ�SUREOHP

Clock 
Domain A 

signal to 
synchronize 

clkB 

signal 
resynchronized 

Clock 
Domain B 

module resynchro:
input R;
output D: reg;
signal { R1 } : reg in

sustain next { R1 <= R, D <= R1 }
end signal
end module 

$�VLJQDO�JHQHUDWHG�E\�RQH�FORFN�GRPDLQ�DUULYHV�DV�DQ�DV\QFKURQRXV�
VLJQDO� WR� WKH� GHVWLQDWLRQ�FORFN� GRPDLQ�� SRVVLEO\� YLRODWLQJ� WKH�
GHVWLQDWLRQ� IOLS� IORS� VHWXS� RU� KROG� WLPH�� DQG� FDXVLQJ� LW� WR� HQWHU�
PHWDVWDELOLW\

DQ�KDUGZDUH�VROXWLRQ (VWHUHO�PRGHOLQJ
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0XOWLFORFN LQ (VWHUHO�
D�PRUH�FRPSOH[�V\QFKURQL]DWLRQ�SURWRFRO

7KH� GRXEOH� VWDJH�
V\QFKURQL]HU� GRHV� QRW�
HQVXUH� WKDW� WKH� VLJQDO�
UHPDLQV�VWDEOH�HQRXJK�
IRU� WKH� GHVWLQDWLRQ�
FLUFXLW� WR� VDPSOH� LW�
RQFH�DQG�RQO\�RQFH�

$�KDQGVKDNH�SURWRFRO�
VXFK� DV� WKH� SXVK�
V\QFKURQL]HU FDQ�VROYH�
WKH�SUREOHP
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)LUVW�DSSOLFDWLRQ��KDQGVKDNH�SURWRFRO�ZLWK�D�SXVK�
V\QFKURQL]HU

Results:

Two VHDL entities generated for each 
domain.

Synthesis run with Synopsys Design 
Compiler 2003.03

No area overhead if compared with 
manually written VHDL.

No timing/DFT issues.

Simulations run through a VHDL test 
bench show a correct behavior with all 
foreseen frequency relationships
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6HFRQG�DSSOLFDWLRQ��9LGHR�,3
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Three clock domains are involved.

The double stage synchronizer has been use 
to secure data writing from the video 
interfaces to the buffering system.

A VHDL top-level has been created 
connecting the clock domain components.

Synthesis was run with Synopsys Design 
Compiler 2003.03 and results compared 
with hand-written Verilog, showing:
• no timing/DFT issues;
• a total 5% gain in area occupation.

Simulations run under the Reference Test 
Bench show a correct behavior
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&RQFOXVLRQ�DQG�IXWXUH�VWHSV
� $�QHZ�PHWKRGRORJ\�KDV�EHHQ�GHYHORSHG� WR� LPSOHPHQW�PXOWL� FORFN�GHVLJQ�

ZLWK�(VWHUHO

� ,QGLYLGXDO� FORFN� GRPDLQV� DUH� PRGHOHG� DQG� V\QWKHVL]HG� XVLQJ� (VWHUHO
6WXGLR�WRRO

� )RU� V\VWHP� PRGHOLQJ�� FORFNV� DUH� YLHZHG� DV� VWDQGDUG� VLJQDOV� DQG�
FRPPXQLFDWLRQ�V\QFKURQL]HUV�DUH�FUHDWHG�IURP�(VWHUHO PRGXOHV�

� )RU�V\QWKHVLV�� LQGLYLGXDO�FORFN�GRPDLQV�DUH�V\QWKHVL]HG�XVLQJ� WKH�QRUPDO�
(VWHUHO IORZ��DQG�OLQNHG�E\�D�PDQXDOO\�ZULWWHQ�9+'/�WRS�OHYHO�

� 7KH� RYHUDOO� PHWKRGRORJ\� FRXOG� EH� DXWRPDWL]HG IXUWKHU� ZLWK� XSFRPLQJ�
YHUVLRQV�RI�(VWHUHO 6WXGLR


